A retrospective survey was carried out of serious eye injury caused by windscreen contact in road traffic accidents over a 6-year period. All 15 patients had contacted toughened windscreens, and all but one did not wear seat belts. The cost in terms of pounds sterling paid out by the National Health Service, and also the cost in terms of visual handicap were assessed. It was found that of the 15 patients admitted during this time, the treatment of the large majority cost at least twice as much as that for patients undergoing routine cataract surgery. This was primarily due to the longer hospitalization necessary. Only 2 patients retained a visual acuity of 6/6.
Introduction
Windscreen contact in road traffic accidents causes a major part of the injuries received by the occupants of the vehicle. Contact with the windscreen usually occurs in frontal collisions, and a survey by Mackay et al. (1980) found that of all such collisions causing serious or fatal injury, 45.4% involved windscreen contact.
Most windscreen injuries consist of deep lacerations to the face and scalp, but probably the most devastating injury to the victim is a laceration to the eye or eyes. These injuries often produce severe visual and cosmetic disability, thus preventing the victim from leading a normal existence. The victims are often young and wage-earning, and hence the financial embarrassment to them and their families can be devastating.
The enormous cost to the National Health Service of these injuries has not been estimated. The aim of this survey has been to investigate several cases where severe eye injury was sustained as a result of windscreen contact, and to cost their treatment individually in terms of pounds sterling paid out from the National Health Service. Of course, the cost in terms of vision lost and psychological stress suffered by the victim, plus the time temporarily or permanently off work, must be far and above the cost borne by the Health Service. However, all these costs will be felt financially by all of us as taxpayers.
Method
A retrospective study was undertaken of all the eye injuries caused by windscreen contact which were taken to the operating theatre at the Western Ophthalmic Hospital during the period 1975-198 I. Most of the injuries were penetrating injuries of the globe, but one patient with severe lid wounds was included.
The length of stay in hospital plus the length of time in the operating theatre were noted. An account of all personnel involved, the drugs prescribed. the materials used at surgery and postoperatively were recorded. The number of outpatient attendances, plus any subsequent complications and consequent hospitalizations were also noted. From Table 1 the total inpatient/outpatient costs could be calculated. The cost of drugs and other materials such as sutures and contact lenses were estimated using a copy of Mims and other appropriate price lists.
'For comparison, a similar procedure was used for 5 patients undergoing routine cataract surgery at the same hospital, together with their pre-and postoperative outpatient attendances.
A list of all the patients involved in the survey was sent together with dates, times and the type of car, whether the victim was driver or passenger, and whether or not aseat belt had been worn. From the type of car involved in the accident, it was possible to ascertain the type of windscreen (namely toughened or laminated) causing the injury.
Results
From 1975 to 1981, 15 patients were admitted with serious eye injury as a result of windscreen contact. In the year 1980, St Mary's Hospital, Paddington, in the same catchment area as the Western Ophthalmic Hospital, received 908 seriously-injured vehicle occupants of all causes. Extrapolating this figure over a six-year period gives an estimate of approximately 2.5 per thousand vehicle-occupant victims sustaining serious eye injury.
From the information supplied by the Metropolitan Police, several interesting facts emerged. First, all patients involved in this survey had contacted toughened glass screens; not one had contacted a laminated screen. Secondly, all victims but one were not wearing any form of seat restraint. The only victim who did was using a lap belt only, thus proving the ineffectiveness of this type of restraint. Other features regarding this group of patients are shown in Table 2 . As can be seen, it is primarily a young persons' injury -moreover, a wage-earners' injury. Thirteen occupants (87%) were under the age of 30; indeed, one was a 4-year-old girl who was unrestrained in the front passenger seat. This must serve as a strong reminder to keep children to the rear of the car, preferably restrained. Eleven of the victims (73%) were male, probably reflecting the higher number of male drivers in the capital, but also possibly indicating the rather more aggressive driving patterns in this sex. Nine of the 15 injured occupants (60%) were front-seat passengers. This is again borne out in other studies (Mackay et al. 1980 , Grattan & Hobbs 1975 , Hobbs 1980 , and is probably due to the driver suffering other injuries such as steering wheel compression of the chest or head injuries due to contact with the dashboard cowling.
The injuries received by the patients are also detailed in Table 2 . All patients received extensive lacerations to the face, resulting quite often in severe scarring and disfigurement; indeed, one victim underwent plastic surgery for removal of much scar tissue. Three patients received bilateral penetrating eye injuries, and 4 patients had severe injuries to other parts of the body as a result of road surface impact.
The long-term visual acuities as measured at the last outpatient visit are shown in Table 3 . Only 2 patients with penetrating eye injuries retained a visual acuity of 6/6. Six patients 'had less than 6/60 vision in the injured eye.
The costs of the individual incidents are outlined in Table 4 . In the control group of cataract patients, treatment costs were almost identical in each case and are therefore given as an average. It is clear that most windscreen-contact injuries were a good deal more costly than cataract treatment. This appears to be directly proportional to the length of hospitalization. Only 2 patients stayed less time than the control group of patients, both taking their own discharge early, against medical advice. The most expensive cases involved two operations with consequent longer hospitalization. Operation length did not appear to affect the total costs unduly.
Case report
A 30-year-old Asian man crashed his Triumph Herald car into a parked vehicle. He was unrestrained and was hurled through the toughened glass windscreen. He received multiple lacerations to the face and also bilateral penetrating eye injuries, the left eye sustaining a large uveal tissue and vitreous loss. A six-hour operation was undertaken. The" extensive prolapsed iris and ciliary body of the left eye were abcised, and vitreous cleared from the wound using a Kaufmann vitrector. Both corneoscleral wounds were closed using 10/0 Perlon and 8/0 virgin silk to cornea and sclera respectively. The facial lacerations were sutured using 6/0 nylon. In addition, a full-thickness skin graft was applied to the bridge of his nose. He spent a total of eight days in hospital. His left cornea subsequently "became scarred and vascularized. He was due to be admitted again for a penetrating corneal graft, when he presented four months after the original injury with a secondary retinal detachment in the left eye. This was duly repaired using cerclage and drainage of subretinal fluid. He was hospitalized for a further 5 days at this time. His visual acuity measured at the last outpatient clinic, nine months after injury, was hand movements only in the left eye, but fortunately 6/12 in the right. During that time he had returned to his job as a postman for a period of two weeks only.
Discussion
Two types of windscreen are commonly in current use in the United Kingdom. These are the toughened and the laminated screen. Figure 1 outlines the difference between the two types. The toughened windscreen is 5 mm in cross-sectional thickness. When struck with sufficient force it shatters into a myriad of tiny particles involving the whole screen. Most modern toughened glass screens are differentially toughened, that is they have larger particles in the central zone to improve visibility when fractured. The traditional laminated windscreen, on the other hand, consists of a 0.76 mm clear plastic interlayer sandwiched between two 2.6 mm plates ofglass. The interlayer prevents penetration ofthe striking object, and produces a localized shattering at the impact site. The glass particles are large and remain in situ. Figures 2  and 3 show the head trajectory on the two windscreen types. In the toughened windscreen the head contacts the glass at the upper third of the screen; the glass shatters and the forward and downward moving face is contacted by a rigid column of fractured glass, giving the classical horizontal lacerations across the face. Two or three bands of lacerations are not uncommon. In a laminated windscreen, the striking head merely causes the glass to dish outward, usually remaining intact. Hence, in theory, the laminated screen should cause far fewer eye and facial lacerations. This has been supported by Mackay et al. (1980) , who found that 35% of toughened windscreen contacts suffered eye injury of all types, compared with 17% of laminated screen contacts, the latter type producing no permanent impairment of vision. It does not really need to be stated that the wearing of seat belts will prevent much facial and head injury as a result of frontal collisions. Indeed Grattan & Hobbs (1975) showed that out of 154 serious head and face injuries due to windscreen contact, 146 (94.8%) had not worn any form of restraint. The new legislation for compulsory seat belt use must significantly reduce the number of these tragic victims. However, this legislation should not allow windscreen manufacturers to become complacent regarding further research into windscreen construction. A study by McLean & Aust (1977) , in Australia, where seat belt use was mandatory at the time, showed that of collisions to which an ambulance was called, seat-belt usage during the daytime was 60-65%, whereas during the hours of darkness the rates fell to ,44-58%. Hence, even compulsory restraint will not prevent heads from contacting windscreens. It is obvious from the present survey that severe eye injury through windscreen contact is extremely costly in financial terms, both to the National Health Service and to the state as a whole through time lost from work, sick pay, industrial compensation, litigation and insurance payments. Then, over and above these financial implications, there is the personal cost borne by the victims through the often profound visual and cosmetic disabilities suffered, and the social repercussions these impart.
The laminated windscreen costs approximately 25% more to the car buyer than does a toughened screen. However, it is only 4% dearer to the motor manufacturer. It must surely be much more cost-effective to institute compulsory laminated windscreens in cars, thus avoiding so much severe injury, than to allow the health service to suffer the present costs of hospital treatment for these mainly young and wage-earning victims.
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